Abstract. User attitudes towards a hospital virtual nurse agent are described, as evaluated in a randomized clinical trial involving 764 hospital patients. Patients talked to the agent for an average of 29 minutes while in their hospital beds, receiving their customized hospital discharge instructions from the agent and a printed booklet. Patients reported very high levels of satisfaction with and trust in the nurse agent, preferred receiving their discharge instructions from the agent over their human doctors and nurses, and found the system very easy to use. Perceived similarity to the agent was a significant determiner of liking, trust, desire to continue, and working alliance, although perceived similarity was unrelated to racial concordance between patients and the agent.
Introduction
Several studies have shown the positive effects of racial concordance between virtual agents and users on user satisfaction in laboratory or educational settings. However, none of these studies have determined whether these effects hold in real-world professional settings in which topics of significant gravity are discussed, such as medical consultations in a hospital. Although positive effects of concordance in human patient-provider interactions have also been demonstrated [1] [2] [3] [4] , it is unknown whether these effects would hold for virtual agents that are designed to counsel users about their health. It is possible that-given the importance of medical topics being discussed, or the distractions and stress in a real-world environment such as a hospitalsubtle factors such as the apparent race, gender, and age of a virtual agent are irrelevant.
As part of a large clinical trial to evaluate a virtual agent that plays the role of a hospital discharge nurse, we investigated whether racial concordance effects would still hold in a hospital setting. Few virtual agents have been evaluated in real-world professional settings such as hospitals. User reactions to virtual agents in laboratory settings always raise the issue of ecological validity; whether the experimental results would continue to hold in an uncontrolled work environment with study participants who are not college students.
The hospital discharge process can be very complex and is the source of many medical errors. The average patient in our trial is discharged with ten medications and multiple follow up appointments. Approximately 20% of patients discharged from hospitals in the U.S. suffer adverse events and are re-hospitalized within 90 days, and approximately one third of these complications are preventable [5] . Among the leading reasons cited for these preventable complications are inadequate patient health literacy [6] , patient lack of understanding of how to take their medications or of medication side effects, and low patient adherence to treatment regimens. The poor preparation of patients for hospital discharge is highlighted by studies showing that less than half of discharged patients know their diagnosis or the purpose of their medications [7] .
We present the results of a clinical trial in which 764 hospital patients were randomized to be discharged by a virtual nurse agent (N=376, Figure 1 ) or standard procedure (N=388). Patients in the virtual nurse condition were further randomized to talk to a virtual agent that was designed to appear African American or Caucasian. In addition to assessing racial concordance objectively, we also asked patients to rate how similar they felt they were to the agent. We hypothesized that:
H1. Racial concordance would be a significant predictor of perceived similarity with the virtual agent. H2. Perceived similarity would be a significant predictor of satisfaction with and trust in the virtual agent.
Patient-facing Hospital Information Systems. Within the hospital environment, most HCI research has been clinician-centric, although there is an emerging body of work on patient-facing systems. Bers, et al. provided immersive multi-user collaborative support environments for pediatric patients with renal and cardiac diseases [8] , and other conditions. Wilcox, reports a series of design studies for patient-facing information systems in the hospital [9] , and a subsequent pilot usability study of a prototype tablet-based system to provide hospital patients information about their care [10] . Within the medical community there are many in-hospital patient interfaces developed for medical interventions, such as VR-based analgesia [11] . Medical researchers have also developed several health education kiosks for placement in public spaces or clinic waiting rooms. One example is a waiting room touch screen kiosk for diabetes education, designed to accommodate patients with inadequate health literacy [12] . The system featured simplified navigation buttons and multimedia educational content and testimonials tailored to users' prior computer experience, learning styles and ethnicity. While this system was found to be fairly easy to use, its use did not lead to any significant differences in diabetes outcomes, compared to a control group, and the authors did not describe what design features they specifically included to address health literacy issues.
User-Agent Concordance. Baylor et al. conducted studies on the impact of racial and gender concordance between virtual agents and users in an educational application [13] . In one study, they developed several animated agents for an intelligent tutoring system that varied in race and gender. Study participants were 139 teachers enrolled in an introductory technology education class. Results indicated that teachers rated the agents of their own race more engaging and affable (p<.05). A follow-up study investigated what kind of virtual agent students would choose to work with. African American students selected African American characters more frequently, while white students preferred the white agents (p<.001). When asked why they made their choices, African American students often indicated that they wanted an agent that they could "better relate to" in terms of ethnicity and gender.
Persky et al. conducted a study on the effects of racial concordance between study subjects and simulated doctor agents that provided personalized cancer risk information. Subjects who interacted with a racially concordant virtual doctor were more accurate in their risk perceptions than those who interacted with a non-concordant virtual doctor, and this effect was amplified among current smokers [14] .
The Virtual Hospital Discharge Nurse
The virtual discharge nurse system was developed over a course of three years by a multi-disciplinary design team comprised of HCI researchers, doctors and nurses, a health literacy expert, and programmers and animators [15] . The virtual nurse is deployed on a touch screen computer on a mobile kiosk that allows for patient education at the patient's hospital bedside (Figure 1 ). The kiosk consists of a wheeled base, a 4' tall stand and an articulated arm. The arm allows the screen to be positioned and tilted in front of a patient accommodating their mobility whether they are lying or sitting up in bed, or sitting in a chair.
The agent spends approximately half an hour with each patient before they leave the hospital, reviewing the layout and contents of the patient's discharge instruction booklet. The paper booklet is given to patients before their conversation with the agent, and the agent reviews a digital version of the booklet in the interface, so that patients can follow along with the agent's explanation in their paper booklets. The discharge conversation covers the patient's primary diagnosis, medications, follow-up appointments, and self-care procedures the patient will need to manage once they leave the hospital. The agent is also designed to talk with patients once a day, every day they are in the hospital, communicating all of the information that is known at that time about their diagnosis and post-discharge self-care regimen, in order to reinforce the information as much as possible. Dialogues were designed that describe 2,254 medicines-including brief descriptions, warnings, and side effects-in addition to the 48 most common diagnoses in the hospital.
The agent also tested patient understanding of key points using short "open book" tests during the interaction with a few multiple-choice questions. If a patient failed these tests, the agent helped them locate the information in their booklet. If the patient failed a subsequent comprehension test, or requested additional information about any part of the booklet, a report was printed with the patient's information needs for a human nurse to follow up with before the patient went home.
The virtual agent is driven by a hierarchical transition-network based dialogue model that uses template-based text generation. The agent speaks using a synthetic voice, and displays animated nonverbal behavior (hand gestures, posture shifts, facial expressions, etc.) in synchrony with the speech, including deictic gestures towards a digital version of the patient's discharge instructions [16] . User contributions to the conversation are made by touching utterance option buttons on the touch screen display that are dynamically updated for each user speaking turn. Utterance option buttons are used to avoid any potential inaccuracy in this sensitive medical scenario.
Two female nurse characters were designed-one middle-aged Caucasian and one middle-aged African American-to better match the patient demographic at the Boston Medical Center where the clinical trial was conducted, and to improve acceptability of the agent (Figure 2 ). We originally designed eight character models of both genders and different ethnic groups, and conducted a survey of 32 hospital patients to select the two most acceptable characters. We also conducted surveys to select the synthetic voice that patients felt best matched each character from among a set of available commercial voices, and to determine given names for the characters.
Randomized Clinical Trial
We conducted a clinical trial to evaluate the Virtual Nurse system, with participants randomized between the Virtual Nurse and standard care in the hospital. The trial was conducted at Boston Medical Center, a 547 bed safety net hospital that serves an urban, 84% minority, traditionally underserved population. The patient population at Boston Medical center consists of 43% African American, 29% white, 19% Hispanic or Latino, and other races. In addition to the primary trial randomization, intervention group patients were further randomized to either be discharged by the African American or Caucasian agent, and to either have a single interaction with the Virtual Nurse on the day of discharge, or one interaction every day they were in the hospital, including the day of discharge. 
Clinical Trial Methods
Participants. Figure 3 shows the flow of patients in this study and Table 1 shows the demographic breakdown. In total, 764 participants were recruited in this study and retained for analysis. All participants were patients admitted to a general medicine floor of Boston Medical Center, and 50.8% were female, aged 18 to 90 years old (mean=49). Among all participants, 52.6% were African American, 29.1% were Caucasian, and 11.4% were Hispanic. Measures. Health literacy (an individual's ability to read and follow written medical instructions) was assessed at intake using the REALM instrument [17] , in addition to computer literacy (single self-report item with 1="I've never used a computer." to 4="I'm an expert."), and demographics (age, gender, race). Immediately following their interaction with the agent, participants completed a self-report questionnaire assessing working alliance (trust and belief in working with the agent to achieve a therapeutic outcome [18] , scores ranging from 1-7), as well as the single scale item questions in Table 2 . 
Results
Among the intervention group, 302 participants actually interacted with the agent, and 149 completed all questionnaires. Among these 149 patients, 116 had only a single interaction at the time of discharge, while 33 had multiple interactions during their hospital stay (up to 5 sessions)( Figure 3 ). The large number of patients who did not complete all study tasks was due to the challenging logistics of the study. Patients could not use the final discharge system until they had been approved for hospital discharge (an event we had no control over), the time between this approval and when patients could actually leave was highly variable, and patients were anxious to get home. The combination of these factors led to a large number of patients who were enrolled in our study leaving the hospital before we could configure the agent, run the interaction, and collect all measures.
Overall, patients reported very high satisfaction with the agent (median="very satisfied"), very high ease of use (median="very easy"), and high working alliance with the agent (median=6, IQR=1.9). Participants in general liked the agent (median="like agent very much"), and trusted the agent (median="trust agent very much")( Figure 4) . For the question whether they preferred to talk to the agent or their doctor or nurse, 49 out of 135 participants who answered this question clearly indicated that they preferred the agent, while only 33 indicated they preferred a human ( Figure 5 ). Participants' answers were recorded based on a 7-point scale (Table 2) , with 4 being neutral. Any answer higher than 4 was recorded as preference towards the agent.
Bivariate correlations among measures are shown in Table 3 . Since most measures are single scale items, non-parametric tests are used throughout [19] . Racial Concordance. We created a racial concordance index by scoring '1' if both the agent and the user were African American, or both the agent and user were not African American, '0' otherwise. There was no significant relationship between this measure and perceived similarity, Mann-Whitney U=1085, n.s. There was a significant relationship between concordance and working alliance, Mann-Whitney U=2761, p=.03, in which patients with racial concordance scored significantly lower compared to discordant patients. However, concordance was unrelated to any other measure (Table 3 ). Perceived Similarity. We investigated relationships between patient-rated perceived similarity with the agent and other outcome measures using Spearman's rho nonparametric correlation tests. Several significant relationships emerged. Patients who perceived higher similarity with the agent reported higher working alliance (rho=.35, p<.001), higher satisfaction (rho=.21, p<.05), greater desire to continue working with the agent (rho=.25, p<.05), greater liking of the agent (rho=.37, p<.001), greater trust in the agent (rho=.41, p<.001), a closer relationship with the agent (rho=.32, p=.001), and felt the agent cared more about them (rho=.34, p<.001), compared to patients reporting lower similarity with the agent. Patients who reported higher similarity with the agent also said they were more likely to follow the agent's advice upon hospital discharge (rho=.19, p=.07), and preferred receiving their discharge instructions from the agent (rho=.37, p<.001) compared to other patients.
Literacy.
We also investigated relationships between computer literacy, health literacy, and attitudes towards the agent. We found a significant relationship between computer literacy and satisfaction with the agent, consistent with previous findings [20] .
Patients with low computer literacy rated higher satisfaction compared to those with high computer literacy (Mann-Whitney U=3028.5, p=.003). Furthermore, patients with low computer literacy rated the agent higher on ease of use compared to other patients (Mann-Whitney U=2109.5, p=.01).
We also found effects of health literacy on participants' perceived relationship with the agent. Low health literacy patients reported closer relationships with the agent (Mann-Whitney U=3417, p=.02) and greater perceptions of feeling cared for by the agent (Mann-Whitney U=3200.5, p<.08) compared to high health literacy patients.
Using a non-parametric ANOVA [21] , we also found significant main effect of health literacy on trust (p=.007) and a marginally significant interaction between health literacy and number of interactions with the agent (single vs. multiple) on trust (p=.08). In general, low health literacy participants trusted the agent more, and trust in the agent increased after more interactions with the agent, but only for patients with low health literacy ( Figure 6 ).
Figure 6. Effect of Health Literacy and Number of Interactions on Trust in Nurse Agent
Number of Interactions. We also investigated relationships between the number of interactions a patient had with the nurse agent and their perceptions of the agent. We found that the more interactions a patient had, the closer their reported relationship (Mann-Whitney U=1571.5, p=.06).
Factors Predicting Perceived Similarity with the Agent
Given the number of significant correlations between perceived similarity and other measures, we sought to understand what patient factors predicted their assessment of similarity. We conducted a linear regression of patient demographic factors onto perceived similarity. The predictors included: racial concordance, gender, age, education level, and computer literacy. Results are shown in Table 4 . Although none of the coefficients are significantly different from zero, gender, age, and racial concordance are trending. Female patients, older patients, and those who were racially concordant with the agent tended to rate their similarity higher. 
Discussion
In general, perceived similarity was found to significantly affect patients' working alliance, satisfaction, liking, trust, and relationship with the agent. We hypothesized that the racial-concordance between the patient and the agent would be a major predictor of perceived similarity, but this hypothesis was not supported by our results. Although trending was found in our preliminary linear model, racial concordance was not strongly correlated with perceived similarity. The trending for correlation between gender and perceived similarity can be explained since both agents used in the clinical trial were female characters. Trending for age could be explained as both characters were designed as middle-aged. Racial concordance slightly contributed to the perceived similarity according to the preliminary model, although a better model is needed to explain the relationship between racial concordance and perceived similarity. Patients who reported higher similarity with the agent were more likely to prefer receiving their discharge instructions from the agent compared to other patients. Among all patients who answered the question about preference, 36.3% (N=49) said they would prefer the agent, 24.4% (N=33) preferred doctor or nurse, and 39.3% (N=53) indicated no preference. More than one-third of the participants who answered this question clearly indicated that they preferred the agent. Interviews with patients in the pilot study [15] provide some insight into why patients preferred the virtual nurse. Patients liked that the agent took as much time as was needed to go through all the details of the discharge booklet, and that the agent checked to make sure the patient understood what was being described:
 "I prefer Louise, she's better than a doctor, she explains more, and doctors are always in a hurry."  "It was just like a nurse, actually better, because sometimes a nurse just gives you the paper and says 'Here you go.' Elizabeth explains everything."  "Sometimes doctors just talk and assume you understand what they're saying. With a computer you can go slow, go over things again and she checks that you understand." The clinical scenario of care transition and hospital discharge in which we placed the system may be particularly stressful for patients. The level of satisfaction participants had with our system may have been accentuated due to a high level of dissatisfaction participants feel with their health providers in this scenario. We did not measure dissatisfaction with human providers and did not explore in this study the extent to which perceived similarity with the agent might reflect perceived alienation from the human providers.
Conclusions and Future Work
We found many signification correlations between patients' perceived similarity to a virtual discharge nurse agent and their satisfaction with and preference for the agent. Thus, H2 was strongly supported. Surprisingly, perceived similarity was not strongly related to racial concordance, as predicted. Thus, H1 was not supported. Perceived similarity was related to a few other factors (such as a patient's age and gender) but the overall fit of the model was very poor, indicating there are yet unknown factors that lead patients to rate a virtual nurse agent as being similar to themselves. Possible factors include: the appearance of the agent (dress, hairstyle, apparent educational level and socioeconomic status), the qualities of the synthetic speech (accent, apparent personality, apparent ethnic or cultural background), similarity in health status and affective state, and differing interpretations of the role and status of the agent (same as a human vs. a computer program vs. a cartoon character). The exploration of these factors remains an open research problem. Patients also reported a high level of trust in the agent, and this may have superseded any effects of racial concordance. Elements of the system, such as social talk, empathy, and engaging users to check comprehension, may have instilled trust despite the complexity of the material. This, together with the importance and volume of the information conveyed, may overwhelm the relatively subtle effects of agent appearance.
The results presented indicate that perceived similarity to a virtual agent is important in many serious task settings, and serve as a partial guide for the design of future virtual agents and their applications.
In our ongoing work we are developing a version of the virtual nurse that is persistent throughout a patient's hospital stay, and is equipped with a range of sensors so that it is aware of events in the hospital room. This "Hospital Buddy" is being designed to help patients communicate with their providers, manage their sleep, and track their symptoms while in the hospital [22] .
